S tent implantation constitutes the default strategy during coronary interventions. 1,2 Drug-eluting stents (DES) are widely used because of their unique ability to inhibit neointimal proliferation and reduce the restenosis risk. 1,2 However, although rare, in-stent restenosis (ISR) still occurs after DES implantation. 3, 4 Of concern, several studies have suggested that treatment Background-Treatment of patients with drug-eluting stent (DES) in-stent restenosis (ISR) is more challenging than that of patients with bare-metal stent ISR. However, the results of everolimus-eluting stents (EES) in these distinct scenarios remain unsettled.
Everolimus-Eluting Stents for In-Stent Restenosis
of patients with DES-ISR is more challenging than treatment of patients with bare-metal stent (BMS) ISR. [5] [6] [7] [8] [9] Indeed, long-term clinical and angiographic results of patients treated for DES-ISR are significantly poorer than those seen in patients treated for BMS-ISR. [5] [6] [7] [8] [9] These findings have been demonstrated in patients with ISR treated with first-generation DES. 5, 6 Recent studies suggest that drug-eluting balloons (DEB), another well-established therapy in this scenario, are also associated with poorer long-term clinical and angiographic outcomes in patients with DES-ISR than in those with BMS-ISR. [7] [8] [9] The reasons accounting for the adverse results in patients with DES-ISR remain unsettled. Patients with ISR after DES may be more complex from a clinical and anatomic stand point and, therefore, prone to recurrences. 4 These patients may also exhibit some drug resistance that would explain a poorer response to subsequent interventions, involving drug administration into the vessel wall. 4 Finally, the presence of an untoward anatomic substrate, namely neoatherosclerosis, has also been advocated to account for these unfavorable findings. 10, 11 Indeed, neoatherosclerosis seems to be more prevalent in patients with DES-ISR, and treatment of this unique pathological substrate seems to be particularly challenging. 4, 10, 11 New-generation DES are safer and more effective than the first-generation DES. [12] [13] [14] Recently, the use of new-generation DES has also been advocated in patients with ISR. [15] [16] [17] The RIBS V (Restenosis Intra-Stent of Bare Metal Stents: Paclitaxel-Eluting Balloon vs Everolimus-Eluting Stent) trial demonstrated that in patients with BMS-ISR, everolimus-eluting stents (EES) provided superior late angiographic findings compared with DEB. 16 Likewise, the RIBS IV (Restenosis Intra-Stent of Drug-Eluting Stents: Paclitaxel-Eluting Balloon vs Everolimus-Eluting Stent) trial demonstrated that in patients with DES-ISR, EES obtain not only better long-term angiographic results but also superior 1-year clinical outcomes compared with DEB. 17 Accordingly, the use of EES emerges as a attractive therapeutic strategy for patients presenting with ISR. [15] [16] [17] Whether the results obtained with EES are similar in patients with DES-ISR and BMS-ISR remain unknown. To elucidate the relative efficacy of EES in patients with DES-ISR and BMS-ISR, we performed this pooled analysis of the RIBS IV and RIBS V randomized trials using patient-level data.
Methods
The RIBS V study was a multicenter randomized clinical trial that compared DEB versus EES in patients with BMS-ISR, 16 (ClinicalTrials. gov identifier: NCT01239953; Data Supplement). The RIBS IV study was another multicenter randomized clinical trial that compared DEB versus EES in patients with DES-ISR, 17 (ClinicalTrials.gov identifier: NCT01239940; Data Supplement). Both trials had identical inclusion/ exclusion criteria and were conducted simultaneously in 25 Spanish sites. 16, 17 In RIBS V, 189 patients with BMS-ISR were randomly allocated to DEB (n=95) or EES (n= 94) from January 2010 to January 2012. 16 In RIBS IV, 309 patients with DES-ISR were randomly assigned to DEB (n=154) or EES (n=155) from January 2010 to August 2013 17 (Figure 1 ). In both trials, patients with ISR (>50% diameter stenosis) presenting with angina or documented ischemia were eligible. Any type of BMS with BMS-ISR was eligible in RIBS V, whereas any type of DES with DES-ISR was eligible in RIBS IV. Patients with small vessels (≤2.0 mm in diameter), long lesions (>30 mm in length), or total occlusions (Thrombolysis in Myocardial Infarction [TIMI]=0) were excluded. 16, 17 Likewise, patients with early (<1 month) ISR, those presenting as an acute myocardial infarction, or showing a large thrombus on angiography were excluded. However, patients with recurrent ISR and those with edge-ISR were eligible. Finally, patients with contraindications for prolonged dual-antiplatelet therapy, those with serious medical conditions and short life expectancy (<1 year), and those with potential difficulties for a late angiographic follow-up were excluded. 16, 17 Written informed consent was obtained in all patients.
Data monitoring was organized from the coordinating center (Hospital Universitario Clínico San Carlos, Madrid, Spain). 16, 17 Both studies were independent, investigators-driven initiatives, developed under the auspices of the Working Group on Interventional Cardiology of the Spanish Society of Cardiology. Unrestricted research grants were obtained from B. Braun Surgical and Abbott Vascular. The Fundación Interhospitalaria de Investigación Cardiovascular was the sponsor. The studies were approved by the Institutional Ethics Committee of the corresponding centers. In both studies, the primary end point was the comparison of the in-segment minimal lumen diameter at late angiography between EES and DEB. 16, 17 
Interventions
The interventional protocol was identical in the 2 trials. 16, 17 Briefly, all patients were pretreated with aspirin and clopidogrel and received intraprocedural heparin targeting for an activated clotting time >250 s. The protocol highlighted the importance of ensuring adequate les sion preparation but, at the same time, emphasized the prevention of any damage on the adjacent coronary segments. Whenever underexpanded stents were identified, aggressive high-pressure dilations with noncompliant balloons were recommended. 16, 17 Patients allocated to EES (Xience Prime, Abbott Vascular, IL) were treated using a 1.1:1 balloon:artery ratio and high (>14 bar) pressures. Systematic postdilation with noncompliant balloons at high pressures was recommended but eventually left to the operator's discretion according to procedural results. In both trials, a liberal use of intracoronary imaging was suggested, although again eventually left a discretion of the operator. 16, 17 Serial assessment of cardiac enzymes and 12-lead electrocardiograms were obtained for 24 hours. Patients were asked to take aspirin indefinitely. The use of clopidogrel was recommended for 1 year after EES implantation. 16, 17 
Follow-Up
In both studies, late angiographic follow-up was scheduled after 6 to 9 months or earlier when clinically indicated. Electronic case report forms were identical, and a dedicated uniform database was used
WHAT IS KNOWN

• Treatment of patients with in-stent restenosis (ISR)
is associated with good acute results but with high recurrence rates.
• Currently, the use of drug-eluting balloons or drugeluting stents is recommended in patients with ISR.
• Treatment of patients presenting with ISR of a drugeluting stent seems to be more challenging than that of patients with bare-metal stent ISR.
WHAT THE STUDY ADDS
• Everolimus-eluting stents provide excellent longterm clinical and angiographic results in patients presenting with ISR.
• The long-term angiographic results of everolimuseluting stents are significantly worse in patients presenting with drug-eluting stent ISR than in those with bare-metal stent ISR.
in both studies. 16, 17 Events were adjudicated after the review of the corresponding source documents by a Clinical Events Committee that was blinded to treatment allocation. Deaths were classified as cardiac unless a clear noncardiac cause could be demonstrated. The diagnosis of myocardial infarction has remained unchanged in all the RIBS trials. [15] [16] [17] This required 3 of the following: (1) prolonged (>30 minutes) chest pain, (2) rise in creatine kinase levels more than twice the local upper normal values (with abnormal MB fraction), and (3) development of new persistent ischemic ECG changes (with or without new pathological Q waves). [15] [16] [17] Any revascularization during follow-up had to be clinically justified. All the angiograms of patients requiring target vessel revascularization were systematically reviewed to assess the precise location of the reintervention. The Academic Research Consortium definitions 18 were used to classify stent thrombosis.
Angiographic Analysis
All angiograms were analyzed at the central core laboratory by trained personnel using a validated methodology. [15] [16] [17] Lesions were characterized using both the Mehran 19 and the American College of Cardiology/ the American Heart Association 20 classifications. Optimal, carefully selected, orthogonal projections were obtained before the procedure, after interventions, and at late follow-up after the administration of intracoronary nitroglycerin. An automatic edge detection quantitative angiographic system (CAAS II System, Pie Medical, Maastricht, The Netherlands) was used. 16, 17 Angiographic analyses included both in-lesion and in-segment (lesion+treated segment+5-mm margins) measurements.
Statistical Analyses
Continuous data are presented as mean (SD) or median (25th to 75th percentile) according to the distribution. Normality was assessed using the Kolmogorov-Smirnov test. Continuous data were compared with the Student test or the Wilcoxon rank-sum test as required. Categorical variables are expressed as counts and percentages and were compared with the Pearson χ 2 test or Fisher exact test. Results of the primary end point (in-segment minimal lumen diameter at follow-up) were analyzed in 10 prespecified clinically relevant patient subgroups. 16, 17 A multiple linear regression analysis was performed to account for the influence of potential confounders in the comparison of the minimal lumen diameter at follow-up in patients with BMS-ISR and DES-ISR. In this model, all variables showing an uneven distribution between the 2 groups (P<0.1) at univariate analysis (diabetes mellitus, hyperlipidemia, cigarette smoking, time to restenosis, >1 stent in the target lesion, left ventricular ejection fraction, edge ISR, length of the previous stent, ISR lesion length, and minimal lumen diameter before intervention) were included. The Kaplan-Meier method was used to determine the event-free survival in the 2 groups, and results were compared with the log-rank and Berslow exact tests. Time-related events were also compared with Cox proportional hazards regression analyses. The SPSS statistical package (version 15.00) was used. Because of the low number of events at follow-up, risk ratio and hazard ratio (95% confidence interval [CI]) were calculated using exact methods with the STATA 12.0 statistical package. A P value of <0.05 was considered as statistically significant.
Results
Baseline characteristics of patients with BMS-ISR and DES-ISR are summarized in Table 1 . Patients with DES-ISR had more adverse baseline characteristics, including diabetes mellitus, hyperlipidemia, multiple previous interventions on the target lesion, longer initial stents, and more frequently edge ISR. However, patients with DES-ISR were treated later from initial stent implantation (Table 1) . Procedural success was obtained in all patients. Qualitative and quantitative angiographic findings are presented in Table 2 . In the DES-ISR group, lesions were more severe about both minimal lumen diameter and percent diameter stenosis. However, focal 
lesions were more frequently found in the DES-ISR group and required the use of shorter EES. In addition, although a smaller maximal balloon:artery ratio was used in patients with DES-ISR, eventually higher final pressures were required in this group (Table 1) . Angiographic results immediately after intervention are presented in Table 2 . The in-segment minimal lumen diameter after the procedure was smaller in the DES-ISR group (Figure 2 ). Late angiographic findings (obtained in 89.3% of eligible patients) were largely favorable in both groups. However, late angiographic results remained poorer in the DES-ISR group. At follow-up, patients treated for DES-ISR had smaller in-segment minimal lumen diameter (primary objective of this study; Figure 2 ). Of interest, despite a similar residual % diameter stenosis immediately after interventions, patients treated for DES-ISR developed a higher diameter stenosis at late followup ( Figure 3 ). Consistent trends were found in all the remaining late angiographic parameters, including late loss, loss index, and restenosis rate. The poorer late angiographic results of the DES-ISR group were also confirmed in the in-lesion analysis ( The absolute mean difference in the in-segment minimal lumen diameter at follow-up was 0.34 mm (95% CI, 0.16-0.51; P<0.001) in favor of patients with BMS-ISR. A consistent pattern in this parameter was demonstrated across all prespecified relevant clinical and angiographic subgroups ( Figure 4 ). Moreover, on multiple linear regression analysis, after adjusting for the potential influence of the differences in baseline characteristics, the absolute mean difference in minimal lumen diameter at follow-up remained statistically significant in favor of patients treated for BMS-ISR (0.26 mm; 95% CI, 0.007-0.52; P=0.04).
Clinical results at 1 year were obtained in 100% of patients and, overall, were favorable in both groups (Table 3) . However, mortality (cardiac and total) and the rate of target vessel revascularization at 9 months and at 1 year were Figure 5 ). There were 2 cases of definitive/probable stent thrombosis in the DES-ISR group, and none in the BMS-ISR group. A sensitivity analysis was performed in the DES-ISR group to detect the potential implications of the type of underlying DES (first-generation DES [55%] versus second-generation DES [45%] and also EES DES [33%] versus non-EES DES [67%]) on the results obtained with EES. No significant differences were detected in any late angiographic variable (minimal lumen diameter, % diameter stenosis, restenosis rate, and late lumen loss) according to the type of underlying DES, although all late angiographic findings tended to be numerically worse in patients treated for second-generation DES-ISR and EES-ISR (difference not statistically significant). Likewise, clinical results (individual clinical end points and the main combined outcome measure [cardiac death, myocardial infarction, and target vessel revascularization]) were similar in patients with firstgeneration DES and second-generation DES and in patients with EES and non-EES ISR. Only the composite of cardiac death, myocardial infarction, and target lesion revascularization was lower in patients with first-generation DES-ISR compared with second-generation DES-ISR (2.5% versus 12%; P=0.02; hazard ratio, 0.2; 95% CI, 0.04-0.94) and in patients with non-EES-ISR versus EES-ISR (4% versus 12.5%; P=0.08; hazard ratio, 3.3; 95% CI, 0.09-1.16).
Discussion
This pooled, patient-level, analysis of the RIBS IV and V randomized studies confirms the efficacy of EES in patients with ISR. Our results also provide reassuring evidence of the safety profile of EES in this setting. This is the largest controlled study currently available assessing the value of this new-generation DES in this challenging anatomic scenario. The main novel finding of this study is that EES are less effective in patients with DES-ISR than in those with BMS-ISR. Importantly, the poorer results obtained in patients with DES-ISR were uniformly seen in most late angiographic parameters, including the minimal lumen diameter at follow-up (primary end point) and diameter stenosis. Notably, these angiographic results were consistent in the in-segment and in-lesion analyses, and both provided complementary information of the results of EES in this setting. In addition, this difference in the treatment effect was consistent among 10 prespecified patient subsets and was maintained after adjusting for potential confounders.
Overall, baseline characteristics were more adverse in patients with DES-ISR than in those with BMS-ISR. However, as demonstrated in most previous studies, 3, 4 DES-ISR tended to present some benign features, including a focal pattern and a late presentation. Unexpectedly, minimal lumen diameter immediately after intervention was smaller in the DES-ISR arm. This is relevant as in our study optimization strategies, including high dilation pressures with noncompliant balloons, were systematically pursued in both arms. This finding might be a result of more severe and resistant lesions in DES-ISR. Importantly, however, after adjusting for potential clinical and angiographic baseline characteristics, minimal lumen diameter at follow-up remained significantly smaller in patients treated for DES-ISR. Notably, the adverse late angiographic findings seen in patients with DES-ISR eventually translated into a higher requirement of target vessel revascularization during follow-up. This underscores the clinical implications of the poorer late angiographic findings seen in these patients. The higher mortality rate seen in patients with DES-ISR should be interpreted with major caution because our study was clearly underpowered for this hard clinical end point. Further studies are required to fully ascertain the potential implications of treatment of DES-ISR on late clinical events. Finally, our findings were also inconclusive about whether results of EES differ according to the type of DES presenting with ISR. Therefore, further studies are also warranted to address this issue. 
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From a methodological stand point, this is a patient-level pooled analysis of 2 randomized trials that used identical inclusion/exclusion criteria and interventional strategies. 16, 17 Moreover, a uniform methodology was used for the final angiographic analysis and for the assessment of clinical events. 16, 17 In addition, as a rigorous follow-up protocol, late angiographic results were available in 89.3% of eligible patients, whereas a complete clinical follow-up was obtained in 100% of patients. Furthermore, as interventions were performed in multiple centers and exclusion criteria were relatively limited, we believe that our results nicely represent those that should be expected during routine clinical practice. Altogether, these methodological considerations support the internal and external validity of our results.
Previous Studies of EES in Patients With ISR
Evidence on the value of EES in patients with ISR is limited and stems from retrospective observational studies, prospective registries, and scarce randomized clinical trials. In the large Xience V USA prospective multicenter registry, 21 the results of EES in patients with ISR (n=383) were compared with those seen in patients with de novo lesions (n=4832). At 1-year target, lesion failure was 2-fold in the ISR group (10.9% versus 4.9%). A recent retrospective observational study including 322 patients with BMS-ISR 22 suggested that those treated with EES (n=114) had similar 1-year clinical results compared with those treated with first-generation DES. In that study, however, rates of definitive stent thrombosis were numerically lower after treatment with EES. Another study of 174 patients with BMS-ISR 23 compared results obtained with EES (n=79) and paclitaxel DES (n=95). At 1 year, rates of adverse events (4.5 versus 13.6%, P=0.06) and target lesion revascularization (1 versus 11.5%, P=0.02) were lower in the EES group. However, after 2-years, results were similar in the 2 groups. Another observational study by the same group in patients with DES-ISR 24 compared the results of 40 patients treated with EES and 46 patients treated with DEB. Patients treated with EES were associated with higher rates of major adverse cardiac events (27.5% versus 8.6%, P=0.046) and target lesion revascularization (22.5% versus 4.3%, P=0.029) at 1 year compared with those treated with DEB. Conversely, in a series of 89 patients with recurrent ISR after the DEB treatment, Kubo et al 25 demonstrated that EES were associated with better long-term clinical results than the repeated DEB treatment. Interestingly, Almalla et al 26 compared the results of EES in patients with ISR according to the type of the underlying stent (64 BMS-ISR and 30 DES-ISR). In this small study, treatment of DES-ISR was associated with higher rates of recurrent target lesion revascularization (23.3% versus 1.6%), myocardial infarction (13.3% versus 0%), and total cardiac events (30% versus 4.6%) at 1 year. Nevertheless, no angiographic follow-up was obtained in this series, and because of the relatively small sample size, the study had no power to assess differences in clinical events.
DES-ISR Better BMS-ISR Better
In all these previous studies assessing the value of EES in patients with ISR, late angiography was not systematically obtained. Actually, observational studies assessing late angiographic results of EES in patients with ISR are scarce. The XERES registry 27 included 97 consecutive patients with BMS-ISR treated with EES at 20 sites in France. At 9-month follow-up, the in-stent late loss (primary end point) was 0.35±0.6 mm and the rate of binary ISR was 12.2%. In another study, 28 results of EES (n=91) were compared with those of paclitaxel DES (n=107). In-stent late loss (0.20±0.39 versus 0.18±0.31) and binary restenosis rate (18.0% versus 16.7%) were similar for EES and paclitaxel-DES.
Recently, some randomized trials confirmed the efficacy of EES in patients with ISR. In the mechanistic SEDUCE (Healing Responses After Treatment of Bare Metal Stent Restenosis With Implantation of an Everolimus-Eluting Xience V Stent Versus Use of a Paclitaxel-Eluting Balloon: Optical Coherence Tomography Study) randomized trial, 29 optical coherence tomography was used to assess the healing characteristics of patients with BMS-ISR allocated to EES or DEB (25 patients per arm). DEB were associated with better healing characteristics (strut coverage on optical Patients with >1 event are counted only once for the composite clinical end point, although each event is listed separately in the corresponding category. P values from Cox analysis. RR and HR from exact calculations from STATA. (-) indicates undefined; BMS, bare-metal stent; CI, confidence intervals; DES, drug-eluting stent; HR, hazard ratio (events at follow-up); ISR, in-stent restenosis; MACE, major adverse cardiac events (cardiac death, myocardial infarction, and target vessel revascularization [TVR]); RR, risk ratio (hospital events); and TLR, target lesion revascularization. Everolimus-Eluting Stents for In-Stent Restenosis coherence tomography) but were less effective than EES. The RIBS V trial compared EES with DEB in patients with BMS-ISR, 16 demonstrating that EES improved all late angiographic parameters. Alternatively, the TIS (Treatment of Coronary In-Stent Restenosis) trial, 30 also in patients with BMS-ISR, recently suggested that late lumen loss was lower with DEB compared with EES, although minimal lumen diameter and % diameter stenosis at late follow-up were similar in both groups. Finally, the RIBS IV trial compared the same strategies in patients with DES-ISR. 17 In this study, EES not only improved late angiographic findings but also reduced the need for repeat revascularization.
BMS-ISR Versus DES-ISR
Several previous studies suggest that treatment of patients with DES-ISR is more challenging than that of patients with BMS-ISR. [5] [6] [7] [8] [9] Patients treated for DES-ISR tend to have higher rates of clinical and angiographic recurrences compared with those treated with DES-ISR. [5] [6] [7] [8] [9] The reasons explaining these findings are not fully understood. Patients presenting DES-ISR represent a highly selected subset that developed ISR in spite of the use of a potent antiproliferative agent. 3, 4 Thus, they might remain vulnerable to recurrences in spite of reinterventions involving repeat drug administration into the vessel wall. Drug resistance has been advocated to explain these findings, but this concept remains largely speculative in the clinical arena. 3, 4 However, it has been suggested that the underlying substrate may be different in patients with DES-ISR and BMS-ISR. 10, 11 Indeed, pathological and optical coherence tomography findings suggest that neoatherosclerosis may be more prevalent in patients with DES-ISR. 10, 11 The therapy of choice for neoatherosclerosis remains unsettled, 4 but the occurrence of neoatherosclerosis in patients with DES-ISR might explain their poorer outcomes. Further studies are warranted to elucidate whether the presence of neoatherosclerosis, as unraveled by optical coherence tomography, might be used to select and tailor optimal reinterventions in these complex patients. 4
Clinical Implications
Currently, the use of both DES and DEB are supported by the same evidence (class I, level A) in patients with BMS-ISR and DES-ISR. 14 The RIBS IV and V studies, however, suggest a potential additional benefit of EES, a new-generation DES, in these patients. 16, 17 Importantly, however, this study demonstrates that the efficacy of EES is reduced in patients with DES-ISR. We found that the poorer late angiographic results found in patients with DES-ISR were, at least in part, a result of their adverse baseline characteristics. This would explain the poorer immediate angiographic results in spite of a similar and aggressive interventional strategy. Therefore, any attempt to optimize final results seems justified in these patients. However, after adjusting for differences in baseline characteristics, the minimal lumen diameter at follow-up (primary end point) was significantly smaller in the DES-ISR group. This strongly suggests an adverse underlying substrate more resistant to treatment and prone to recurrences. Further studies are warranted to refine therapeutic strategies in patients with DES-ISR.
Study Limitations
Some important limitations should be acknowledged. First, the current polled study just represents a post hoc subanalysis of 2 previous randomized studies and, therefore, the effect of randomization on potential confounders is lost. Second, the late angiographic superiority of EES in BMS-ISR translated into a significant reduction on the need for target vessel revascularization but only showed a trend on target lesion revascularization. Likewise, caution is required when interpreting the differences in mortality. The lack of power for clinical events, as a result of the relatively small sample size, should be kept in mind. This factor also limits the power of the subgroup analyses within the DES-ISR group to unravel potential implications of the type of underlying DES. Further studies, including larger series with a longer follow-up, will be required to definitively establish the clinical benefit of EES in different subsets of patients with ISR. Finally, the attractiveness of EES 
BMS-ISR
DES-ISR
